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Abstract 
Any superlative recognition system would need to achieve top tolerance to changes in Scale and Rotation of the image. In this 
paper we discuss handwritten Nandinagari manuscripts and their moment invariant features. The proposed work is first of its kind 
where Moment Invariant Features are applied to these rare characters, which were existing much before Devanagari characters. 
Here, we have used four different moments namely Hu Moments, Zernike Moments, Legendre Moments and Tchebichef 
Moments. For the purpose of study, images of the characters are subjected to different rotations and scaling. Then, moment 
invariant features are calculated.  The process is repeated for all the moment invariant methods and critically examined. Analysis 
of results show that features obtained by applying Tchebichef moment technique remains invariant with different rotation and 
scaling as compared to other three moment techniques. 
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1. Introduction 
Nandinagari script is an earlier version of Devanagari script used to write Sanskrit language1. These scripts have rich 
heritage as can be seen in the works of Dwaita leader Acharya Madhwa. Areas that they cover include philosophy, 
politics, Management, science, arts, culture and religion. Moment functions have been widely employed as global 
invariant features for images. This is the first attempt to use Moment features for handwritten Nandinagari scripts. 
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Today, we are seeing a trend of patents filed across the world on ancient Indian findings written in manuscripts and 
making us deprived from usage. Hence it is necessary that we scan, preserve and convert it to a textual format for 
the benefit of the mankind in-house. This can then be indexed through a search engine to be made available. 
Additionally, if we can automate this process using Advance Machine Learning techniques, a lot of man power and 
human effort could be saved which could be very useful to the society. 
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Fig. 1: Proposed Model 
Moments are applicable to many different aspects of image processing like pattern recognition and image 
encoding, image classification, target identification and scene analysis. When moments are applied to images, they 
describe the image distribution with respect to its axes.   
2. Problem Description 
The proposed model is shown in Fig 1. In Step 1, the handwritten Nandinagari character images are scanned. In 
Step 2, variants of this image with different rotation and scale are collected. In Step 3, the character image is pre-
processed using Otsu’s threshold method. In Step 4, different moment methods such as Hu Moment, Zernike 
Moment, Legendre Moment and Tchebichef Moment are applied. Using first three moments seven different features 
are extracted and with last, eleven features are extracted. In Step 5, these features are compared to get the 
invariance. 
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3. Methodology 
3.1. Preprocessing 
Pre-processing converts input image to a grayscale image with two binary levels of intensity using an optimal 
threshold value. This is used to separate the object from the background and to keep only required information in the 
character images. In this paper we have used Otsu’s threshold method for converting the image into its binary form2. 
The next step is extraction of Moment Invariant features. 
3.2. Hu  Moments 
The earliest work employing moments for image processing and pattern recognition was performed by Hu based on 
the theory of algebraic invariants. Hu derived relative and absolute combinations of moments that are invariant 
with respect to scale, position, and orientation. The method of moment invariants is derived from algebraic 
invariants applied to the moment generating function under a rotation transformation. Hu Moments are used in a 
simple pattern recognition experiment to successfully identify various typed characters3,4. For each object pixel 
compute the regular moments of order (p + q) = 0, 1, 2…using the equation as follows: 
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3.3. Zernike Moments 
The Zernike moment formulation outperformed alternatives in terms of noise resilience, information redundancy 
and reconstruction capability. Complex Zernike moments are constructed using a set of complex polynomials 
which form a complete orthogonal basis set and are expressed as two dimensional Zernike moments5,6. These are 
less sensitive to noise. 
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3.4. Legendre Moments 
Among the explored techniques complex moments are least sensitive to noise while Legendre moments are most 
severely affected by noise. The Legendre moments of order (m+n) are defined as7,8: 
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Where m,n = 0,1,2,…, ∞. Pm and Pn are the Legendre polynomials and f(x, y) is the continuous image function. 
3.5. Tchebichef Moments 
In these moments the basis function is the discrete orthogonal Tchebichef polynomial. For a given positive integer N 
which is normally the image size, the Tchebichef polynomial is given by the following recurrence relation9,10: 
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Where n=0,1,…,N-1. 
 
The Tchebichef Moments are calculated using the formula (5): 
¦¦
 

 
 
1
0
1
0
),()()(
),(),(
1 N
x
N
y
nmnm yxfytxtNnNmT UU  
(5) 
4. Experiment and Analysis of Results 
To analyse the invariant features of the handwritten Nandinagari character images, the original image of size 384 X 
384 and rotation of 0o is taken. Then the transformed images of four different rotations of 45o, 90o, 135o and 180o, 
two different sizes 256 X 256 and 640 X 640 are taken. First images are pre-processed using Otsu method and 
moment values are extracted by four different techniques. Then the transformed image values are subtracted from 
original image values. These values are normalized between [0, 1]. This is to identify which transformed image 
exhibits less invariance to original image. Then the values are compared across using Hu Moments, Zernike 
Moments, Legendre Moments and Tchebichef Moments for handwritten Nandinagari characters. This is 
implemented using VC++ environment. 
 
    
            Fig 2: Moments for different rotations of character                        Fig 3: Moments for different scales of character  
 
From the above graph shown in Fig 2, it is observed that the Tchebichef moment technique is showing more 
consistency for rotation as compared to Hu, Legendre and Zernike moment techniques. And also for different scales 
Tchebichef is showing more accurate values compared to Hu, Legendre and Zernike moment techniques as shown 
in Fig 3. Fig 4 and 5 shows the variance of Tchebichef Moments for variation of rotation at a given value of scale 
(384 X 384) and variation of scale for a given value of rotation respectively. 
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      Fig 4: Tchebichef Moments (Rotations at a given scale)                  Fig 5: Tchebichef Moments (Scales at a given Rotation) 
The same experiment is repeated for multiple Handwritten Nandinagari characters. A group of 7 unique characters 
among the 52 handwritten Nandinagari characters forming a representative sample set is selected. The average value 
of this representative sample is taken to show the variance and the result is analysed. The corresponding graphs are 
as shown below. Fig 6 shows the average values of Moment variance at a given scale and multiple rotation for the 
representative sample set of handwritten characters. Similarly, Fig 7 shows the average values of Moment variance 
at a given rotation and multiple scale for the representative sample set of handwritten characters.  
 
      
 
            Fig 6: Moments for Rotation of multiple characters                        Fig 7: Moments for different scales of multiple characters 
 
Fig 8 shows the variance of Tchebichef Moments at a given value of scale and different rotation for multiple 
characters. Fig 9 shows the variance of Tchebichef Moments at a given value of rotation and different scale for 
multiple characters.  
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          Fig 8: Variance of Tchebichef Moments (Multiple characters)                    Fig 9: Variance of Tchebichef Moments (Multiple characters) 
 
Table 1 and Table 2 prove that the Tchebichef moment has the minimum Rotation and Scale invariance among 
multiple characters. 
 
Table 1: Rotation Invariance –Minimum Variance Moment Type 
Rotation  Invariance –Minimum Variance Moment Type 
 
Sl. No 
Image 
Moment Features 
F1 F2 F3 F4 F5 F6 F7 
1 
 
Legendre Zernike Tchebichef Tchebichef Tchebichef Legendre Zernike 
2 
 
Zernike Tchebichef Tchebichef Tchebichef Tchebichef Legendre Zernike 
3 
 
Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
4 
 
Legendre Tchebichef Tchebichef Legendre Tchebichef Tchebichef Zernike 
5 
 
Hu Zernike Tchebichef Tchebichef Tchebichef Zernike Hu 
6 
 
Legendre Tchebichef Tchebichef Legendre Tchebichef Legendre Legendre 
7 
 
Legendre Tchebichef Tchebichef Tchebichef Tchebichef Legendre Tchebichef 
 
 
 
Table 2: Scale Invariance –Minimum Variance Moment Type 
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Scale  Invariance –Minimum Variance Moment Type 
 
Sl. No 
Image 
Moment Features 
F1 F2 F3 F4 F5 F6 F7 
1 
 
Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
2 
 
Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
3 
 
Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
4 
 
Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
5 
 
Legendre Tchebichef Tchebichef Tchebichef Tchebichef Hu Tchebichef 
6 
 
Legendre Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef Tchebichef 
7 
 
Legendre Tchebichef Tchebichef Legendre Tchebichef Tchebichef Tchebichef 
 
5. Conclusion 
In the proposed model for the identification of Handwritten Nandinagari character images, first the image is 
represented in different rotation and scale. After Pre-Processing the moment features for the images are extracted 
using four different Moment Invariant techniques. This is repeated for the representative sample of multiple 
characters. Subjecting the results to a comparative analysis indicated that the features extracted using Tchebichef 
Moment method proved to be invariant under different rotations, position and scaling. This is the first attempt to 
recognize the characters using different Moment Invariant techniques. The invariance will improve the recognition 
accuracy of Handwritten Nandinagari character images with wider variations. Further work could be done to find 
the best Moment technique which can not only provide invariance to all possible degradation, noise, transformations 
but additionally aid in classification and recognition. The character set can be expanded to include the entire set. 
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